Abstract
Introduction
The image resolution of display devices is the number of distinct pixels in horizontal or vertical dimensions which is able to be exhibited [1] [2] [3] [4] [5] [6] . The image resolution is normally stated as width by height, with the units in pixels. For instance, if we have a device with 1920 by 1080, this stands for the width is 1920 pixels and the height is 1080 pixels. Therefore, the term image resolution is normally employed to state pixel dimensions, in other words, the number of pixels in horizontal (1920) and vertical dimensions (1080).
The image zooming is an algorithm which is employed to broad and sharpen particular location images in a window, or flat rough details in images that have been enlarged by a special upscaling technique. This technique can be nearest neighbor method, bilinear method, or bicubic method. Thus, developing an image to high-quality resolution is an important issue. The image zooming methods normally needs large amount of resources. Therefore, the method which makes image zooming with minimal resources is crucial. Moreover, the method with minimized CPU load and HW (hardware) resource consumption is a key factor. Nowadays, the image zooming technique is one of the most meaningful progress in image processing field [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
In order to meet a lower resolution image to higher resolution display device (or vice versa), image size zooming technique is requested. However, image zooming technique causes some disagreeable and nasty subjective performance which gives bad impression to viewers. There have been many studies which dealt with image up-sampling or downsampling algorithms [18] [19] [20] [21] [22] . To enlarge an image with a factor or N, we can consider few options such as nearest neighbor method, bilinear method, and bicubic method. For nearest neighbor method case, the implemented result images shows blocking artifact, while the others give blurred result images. Therefore, the main purpose of the proposed method is to remove blocking artifacts while providing pleasant subjective results [23] [24] [25] [26] .
This paper is organized as follows. The preliminaries and the block diagram of the proposed image zooming approach are explained in Section 2. In Section 3, the proposed method is described. The experimental results are shown in Section 4, and the conclusions are made in Section 5.
Proposed Method
Since image zooming is one of essential approached to handle low resolution images to high resolution images, the image zooming technique is not trivial process and it must prevents possible blocking artifacts and support image details. The blocking artifacts or noisy artifacts removal and edge and details sharpness are the main goal. The block diagram of the proposed image zooming method is shown in Figure 1 . This figure consists of four steps: (1) obtain original image, (2) image downscaling by image zooming, (3) artifact removal process by circle shaped low pass filtering, and (4) detail preserving process by unsharp masking. We assume the image zooming process is implemented by factor of N, where N = 2, 4, 8, and 16. After the image zooming step, we obtain down scaled low resolution image. Since low resolution image may contain blocking artifacts as shown in Figure 2 , we apply circle shaped low pass filtering to remove blocking artifacts. The third step is to apply unsharp masking to make image details and edges distinct. The utilized unsharp masking is an image handling approach, which is frequently used as an image processing tool. The unsharp mask utilized image is supplemented (or added) to the original low pass filtered image, and create an image which is less smeared than the original one. The unsharp masked image (detail and edge preserved image) is much clearer than the blurred one. However, it may lose image details and accuracy concerning to the image. Figure 3 shows an example using McM image #10. Several zoomed results under different conditions (downsized by 1/2, 1/4, 1/8, 1/16, and 1/32) are displayed. The proposed method uses two filters: circle shaped low pass filter and unsharp mask filter. The low pass filter is designed and obtained by kernels in Eqs. (1) and (2), where x and y are coordinates of horizontal and vertical directions, r is the radius from the center point. R is predetermined threshold. Therefore f is empty when r is bigger than R. 
Filter Design: Low Pass Filter and Unsharp Filter
.
The filter coefficients h R are obtained by Eq. (3).
( ) The frequency responses of different h N are shown in Figure 4 and the surf images are shown in Figure 5 . Figure 6 shows the coefficient of h 11 , where we can see the radius R is 5. The frequency response of high pass filter and unsharp mask are shown in Figure 7 . Note that the magnitude of center position at (F x , F y )=(0,0) is one. Figure 8 shows the concept of unsharp mask where s is input signal, lpf(s) is low pass filtered signal, hpf(s) is high pass filtered signal, and s+hpf(s) is unsharp masked image. 
Experimental Results
To validate the proposed algorithm we conducted simulations using MATLAB 7.1 with a processor of Intel(R) Core(TM) i5 CPU M460 @2.53GHZ. Since there are no original images of zoomed ones, the performance assessment of objective metrics (such as PSNR and MSE) are not available. Therefore, in this paper, only visual comparison is assessed. For simulation validation, we consider the LC testset of ten color images of size 720-by-540. Figure 9 shows some original test images that are used for visual comparison. 
Conclusions
In this paper, an image zooming technique was introduced. The proposed method includes four steps: 'obtain original image,' 'image downscaling by image zooming,' 'artifact removal process by circle shaped low pass filtering,' and 'detail preserving process by unsharp masking.' The experimental results confirmed that the presented approach successfully reduced blocking artifact of image upscaling and preserved edge details by unsharp masking. 
